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Three Intravascular plastic cannulae are used extensively in clinical practice. It is usually assumed that their insertion into the blood stream is accompanied by little risk provided that adequate sterile precautions are taken. J:!0wever, there are numerous reports in the hterature of thrombus formation on such cannulae in humans when in vessels for more than a day or two (Bonner J 951, Bansmer et al. 1958 , Broviac et al. 1973 , Formanek et al. 1970 , Hoshal et al. 1971 , Indar 1959 , Jacobsson and Schlossman 1969 , Siegelman et al. 1968 . There are also reports of similar thrombus formation in animals (Andrews and Hughes 1973, Derrick 1964, Hecker ] 974, Kricheff et al. 1973 , ~ejad et al. 1968 , Welch et al. 1974 . In humans, such reports have mainly been confined to observations on the occur;ence of thrombus and with the exception of some experiments on radiographic cannulae (J acobsson and Schlossman 1973, Schlossman 1973) there ha" been little inves~igation of this problem. Radiographic techmques have shown that thrombus is present on cannulae as earl\, as 30 minutes after insertion (Wallace et al. Hi73) and that the thrombus readily peels off upon cannula withdrawal (~eja~ et .al. 196~, Jacobsson et al. 1969 Animals, mature Merino ewes of about 35 kg body weight, were anaesthetized with pentobarbitone sodium, intubated and maintained with an ether-oxygen mixture during cannulation. Using aseptic technique, cannulae were inserted by cut-down into the right saphenous and right facial veins of each animal. In some animals, cannulae were also inserted into the right cephalic vein but after several animals in which difficulty was experienced in passing the cannula past the level of the shoulder, use of this vessel was discontinued and instead a cannula was inserted into the left facial vein. Lengths of cannulae inserted were usually 60-70, 38, 33 and 20 lengths positioned the cannula tips about ;, to 10 cm from the atrium. At a predetermined time after cannulation, each animal was anaesthetized with pentobarbitone sodium to which had been added 10,000 I.U. of heparin to prevent clotting of blood around thrombi. After exsanguination produced by cutting a carotid arten', veins ('ontaining cannulae were carefully dissected, pinned to a board and opened. Lengths of thrombi and their anatomical relationship were noted and then thrombi "'ere removcd from \'essels, cut into short pieces of approximately uniform thickness (usually i) cm lengths) and weighed. \\'eights arc expn'sst'd in relation to the surface area of under1~'ing cannulae. · .
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used as preliminary experiments showed that large amounts of thrombus formed on it. The sheep were killed at the following times after cannulation; two on day 1, six on day 3, two on day 6, four on day 9 and one on each of days 13 and 14. Results showing the distribution of thrombus along the cannulae are presented in Figure 1 and a summary is given in Table 1 . Thrombus was present on all cannulae in the saphenous vein and tended to occlude totally the distal part of this vessel. Thrombus continued into the distal part of the inferior vena cava up to the level of the diaphragm. Except for small amounts associated with tips of some cannulae, there was rarely any thrombus in the thoracic part of the inferior vena cava.
There was a tendency for thrombi to increase in thickness with time. This is illustrated in Figure 2 which shows rates of formation at different sites along the saphenous vein cannulae. Occlusion of the first 10 cm appeared to be complete by day 3 as there was negligible increase after this time. Further along the cannulae where the vessels were larger, thrombus continued to be deposited with time with the greatest rates of deposition being in the anterior saphenous vein at the hip region and the abdominal part of the inferior vena cava (25-50 cm).
With facial and cephalic vein cannulae, there was a similar trend of increasing weights of thrombus with time. Often large thrombi were associated with the cannula tips at about the junction of the jugular veins and superior vena cava. These thrombi, in several sheep resulted in complete occlusion of the jugular vein.
Experiment 2: Effect of diameter of cannula on thrombus formation
The effect of diameter of cannula was studied using six additional sheep which had 1'27,1·50 or 2·70 mm polyethylene cannulae inserted nine days before slaughter. The results, together with the results from the four sheep in the previous experiment which were cannulated with 3·0 mm polyethylene tubing for nine days in Experiment 1, are shown in Figure 3 and Table 1 . They indicate that with the larger cannulae there was an increase in the proportion of cannula length covered with thrombus.
Experiment 3: Thrombus formation on different plastics
Tefton (3·0 mm), silicone rubber (3'0 mm), polyvinylchloride (2·5 and 3·0 mm) and nylon (2·76 mm) cannulae were inserted into veins of ten sheep sacrificed nine days later. The results, together with the mean results for the four sheep which were cannulated with 3·0 mm poly-H. G. ~PA~OS A~D j. F. HECKER ethylene tubing for nine days in Experiment 1, are shown in Figure 4 and Table 1 . There wa~ little thrombus on the:!·5 mm polyvinykhloride tubing except near the points of insertion. In contrast, the ;{. 0 111m polyvinykhloride tubing was covered on much of its surface with thrombus, as were the silicone rubber and nylon tubings. :\Iost of the Te£lon and polyethylene tubings surfaces were covered.
DISCl'SSIO~
Ideally it should be possible to insert a cannula into a vessel and have a reasonable expectation •
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r/·t-------~-------T---··--'·~· 10 -15 cm of being able to use that cannula indefinitely. This in practice is not usually so and there are a large number of reports in the literature of problems with cannulae, ranging from failure of the cannula to function after a period of time to development of thromboembolic and phlebitic reactions in the cannulated vessel. In humans. these problems are not always attributed to thrombus formation for the probable reason that the thrombus usually remains in the vessel on withdrawal of the cannula and thus is not seen. Except at necropsy, it is only b~' specialized techniques such as pull-out angio- FIGURE a.-Effect of diameter on thrombus formation on intravenous polyethylene cannulae. Animals were killed on day 9. Data for a· 0 tubing were from four animals for saphenous and facial veins and two animals for cephalic veins.
graphy that the presence of cannula thrombus can be recognized. Several references were cited in the introduction on the occurrence of thrombus on intravascular cannulae in both humans and other animals. A study of the various published descriptions indicates that there is no reason to believe that thrombi on cannulae in humans are different to those in other animals. These descriptions are applicable to the thrombi seen in the sheep in these experiments. Therefore the information presented in this paper may provide information of relevance to humans.
Thrombus was rarely seen on cannulae in the thoracic cavity but it was sometimes seen firmly attached to the vessel wall in close proximity to the cannula tip even though the edges of the tips had been smoothed. These , tip' reactions were small with the saphenous cannulae but were much more severe with facial vein cannulae and in several sheep completely occluded the thoracic end of the jugular vein. The extent of these' tip' reactions and their anatomical relationship to the cannulae tip can be seen in Figures 1, 3 and 4 for the facial vein cannulae. They are not shown in these figures for the saphenous vein cannulae as they were very thin and difficult to remove. Such severe reactions with facial vein cannulae were probably due to movement of the animal's neck causing the cannula to move in the vessel and the tip to scrape on the vessel wall. Factors which influenced the incidence of 'tip' reactions on the facial cannulae appeared to be size and nature of material, being less common with smaller diameter cannulae (Figure 3 ) and also less common with softer plastics such as polyvinylchloride and silicone rubber. The nature of these tip-thrombi is consistent with the welldocumented pathogenesis of thrombus resultant from endothelial injury (Mansfield and Gazzaniga 1970, Brener and Couch 1973) . Brener and Couch (1973) include irritation caused by the cannula tip among several reasons for occlusion of arteries following left heart cannulation. Hoshal et al. (1971) emphasize that a cannula tip pressing against the intima is often the precursor to phlebitis and the initiation of thrombus that progresses retrogradely along the cannula.
It was frequently observed in these experiments that certain sites favoured thrombus formation. These sites were at the pelvic entry
Saphenous Vein
CJ~ n mn of the abdominal cavity, opposite the renal veins, where the vena cava traversed the liver, and at the entry of side branches. A factor common to these sites is alteration in blood flow pattern with possible turbulence. Local alterations in blood flow have been incriminated in aiding thrombus formation (Mustard et al. 1962 ) and turbulence will increase the deposition of platelets on foreign surface~ (Smith etal.1972) . The incidence of thrombus on vena caval ring implants is reduced when the edges of the implants are streamlined to reduce turbulence (Gott and Furuse 1971) . Unfortunately there is little that can be done to change the shape of a vascular cannula to reduce turbulence in surrounding blood. The possible importance of turbulence is that thrombus formation may enhance turbulence and so lead to propagation of thrombus along the cannula. The cut-downs were performed on relatively small vessels and thrombus that formed on the cannulae usually totally occluded the first few centimetres of these small vessels as well as their side branches. Such thrombi were dark red in colour and may have formed by a process similar to clotting of blood made stagnant by the cut~down procedure. In adjacent regions, thrombI were still dark red but the cannulated vessels were rarely totally occluded. In larger vessels such as the inferior vena cava thrombus was paler in colour and near the live; was often o~l~ slightly pi~k., Such thrombus is probably SImIlar to whIte thrombus which is characteristic. of arterial thrombus composed mainly o~ fibnn a~d platelets (Florey 1964) . This dIffer~nce I~ ~orphology is undoubtedly assocIated WIth mcreasing blood flow in the larger diameter vessels which reduces the number of erythrocytes becoming trapped in the thrombus.
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The first experiment showed that except in yery small vessels which were largely occluded m the first day thrombus continued to be deposited during the next several days. No comparable experiments have been performed ~u~ it has commonly been observed that the m:Ide~ce of problems such as phlebitis associated WIth mtravascular cannulations increase with time (Formanek et al. 1970 , Bentley and Lepper 1968 , CoUins et al. 1968 ). These problems are probably associated with thrombus formation e:,pecially. becayse thrombus provides an ideai SIte for mIcrobIal growth in an otherwise hostile yascular system. It has been suggested that mfe~t~d throm~i surrounding cannulae may act as nIdI for seedIng bacteria (Broviac et al. 1973 , Garrison and Freedman 1970 , Sketch et al. 1972 .
W~ deliberately kept the cannula tips from entermg the heart after an atrium and a ventricle were pierced in preliminary experiments. However, casual observations in other experiments with smaller cannulae inserted into the heart suggest that thrombus does not readily form in the vicinity of the heart of sheep on c~~u~ae ~althoug? ~t does form readily due to tIp ImtatIon). SImIlar observations have been made on sheep and dogs by Cole et al. (1972) and hu~ans by Broviac et al. (1973) . These findings support the common practice of inserting cannulae required for long periods in humans into the subclavian vein (Peters et al. 1973) .
The results of the first experiment indicated that. ni~e days was a suitable test period for mOnItonng thrombus formation for if a cannula is free from thrombus at that time it is likely to remain so indefinitely. This period was used in the subsequent two experiments.
The experiment on tubing diameter was of parti~ular interest as there have been reports in the hterature that smaller diameter cannulae tend to be associated with a lower incidence of thromboembolic complications (Siegelman et al. 1968 , Peters et al. 1973 . However, quantitative data in these reports is lacking. We were able to show that the weight of thrombus and length of cannulae covered in thrombus differed significantly for the different diameters. This may be attributed to the smaller area available for reaction with blood and a proportionately smaller disturbance in blood flow. Evidence supporting the advantage of smaller diameter cannulae is provided by the observation that four of six sheep cannulated with less than 3 ·00 mm tubing in the facial vein were free of thrombus at their tips.
It is somewhat surprising that no comprehensive survey has been performed to determine the relative thrombogenicity of the plastics used for vascular cannulae. A coniderable a~ount of research has been performed m th.e UnIted States on methods of modifying plastIc surfaces to reduce thrombogenicity (Gott and Furuse 1971) but it seems to have been ?-ssume<;l .from such work that all plastics used In medIcme are thrombogenic unless the surface has been modified. Our results possibly suggest otherwise. The. results .sho:vn in Figure 4 suggest the follow~~g rankmg m order of decreasing thrombogemClty:-polyethylene> Teflon > silicone rubber> nylon> polyvinylchloride. There are some published experimental reports which support this ranking in dogs (Welch et al. 1974, Jones and Craig 1972) while some reports for humans suggest an alternative ranking (Formanek et al. 1970, Jones and Craig 1972) . ~owever, . the. c~ntrasting results with polyvInylchlonde IndIcate the dangers associated with generalizations from such rankings as differences were found between two batches of plastic from one manufacturer. * Similar * The 2· 5 mm tubing was purchased several years ago and only when this reel was ended was the reel of 3·0 mm purchased. The latter was then found to be more thrombogenic. The manufacturer when contacted was unaware of any change in formulation or manuf~cture during the last ten years. A possible cause IS that the 2·5 mm tubing was' aged' and this is being investigated. Care, Vol. IV, No . .1, August, 1976 differences are likely to exist between products of different manufacturers.
Anaesthesia and Intensive
Differences in surface smoothness have been shown by scanning electron micrographs (N achnani et al. 1972) to exist between different materials, and the importance of this in relation to thrombogenicity should be considered in comparative studies, especially in producing turbulent flow and increasing the likelihood of damage to the formed elements of blood.
